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SHEAR BEHAVIOR OF SELF DRILLING SCREWS USED IN LOW DUCTILITY STEEL 
By: L. Randy Daudet, P.E.1 and R.A. LaBoube, Ph.D, p.E.2 
Abstract 
The results of 264 shear tests conducted on self drilling screws are presented. The tests 
conducted include single screws in single shear, two screws in single shear, and single screws in double 
shear. The performance and behavior of self drilling screws in low ductility steel are compared to the 
performance and behavior of screws in normal ductility steel. Results are compared to the 1986 AISI 
specification with 1989 addenda, and the recently approved AISI specification for self drilling screws 
which will be included in the next edition of the AISI code. Also, new equations are presented for the 
tilting/bearing limit state for screws in single shear, and the bearing limit state for screws in double shear. 
Introduction 
In light gage steel construction today, the predominant means of fastening is through the use of 
self drilling screws. Most self drilling screws are produced in diameters ranging from 0.16 in. to 0.25 in. 
and in lengths ranging from 0.625 in. to 2.0 in. Such screws have tips that are essentially drill bits which 
function to drill a hole through all of the connecting pieces of steel before the screw threads engage the 
first steel layer. The fully pre-drilled hole ensures that the connecting layers of steel are tightly clamped 
once the screw is fully seated. Clamping is ensured due to the fact that the first layer cannot climb the 
threads of the screw in advance of the second or third layers. Self drilling screws can be used to connect 
steel sheets that have a total thickness of 0.5 in. 
On February 6,1993 the AISI SpeCification Committee approved design provisions (1) for self 
drilling screws which will be incorporated into the next edition of the AISI Specification (2). Although the 
new design provisions will prove to be very useful for deSigners, they fail to address the design of self 
tapping screws used in low ductility steel. Therefore, more work is required to obtain a better 
understanding of self drilling screws used in steels with various degrees of ductility. 
This paper will summarize the results and conclusions of a comprehensive study concerning the 
use of self drilling screws used in low ductility steel (3). The study addressed several different topics 
related to the use of self drilling screws used in low ductility steel including: 
-screw behavior in low ductility steel versus normal ductility steel; 
-screws in single and double shear; 
-connection capacity when load is applied either perpendicular or parallel to the 
direction of cold reduction; 
-screw capacity versus drill tip type; 
-the use of multiple fasteners; 
-comparison with AISI. 
This paper will mainly address the tilting/bearing limit state for screws in single shear, and the bearing 
limit state for screws in double shear. 
Test Plan 
In order to achieve a basic understanding of how a single screw behaves in single shear, 
configurations A and B in Figure 1 were tested. Test setups C and D in Figure 1 were tested to 
investigate if multiple screws behave differently in low ductility steel than they do in normal ductility steel. 
Configuration E was tested to ascertain the behavior of screws in double shear. 
For all tested configurations, steel strips were 1-7/8" wide and 12" long. Screw edge distance 
and spacing was three times the screw diameter as recommended by AISI to prevent edge tear out of 
the fasteners. All screws were long enough so that at least 3 screw threads were visable once the screw 
was fully seated. 
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For this study, steel ranging in thickness from .029 in. (20 ga.) to .098 in. (12 ga.) was tested. 
Steel properties are summarized in Table 1. All low ductility steel was cold reduced from normal ductility 
material to achieve the desired combination of thickness and ductility. The degree of cold reduction 
ranged from 10% to 40% of the original thickness. The low ductility steel used for this study would be 
classified as "Other Steels" in the 1986 AISI 'Cold Formed Steel Design Specification'. 
Average material properties are listed in Table 1. For each gage in each material type, four 
tensile specimens were conducted in accordance with ASTM A370-94. Fy was determined using the 
0.2% offset method. Normal ductility steel and low ductility steel are referenced as material types 
normal and low respectively. Table 1 lists steel material properties for grain perpendicular and grain 
parallel. Grain perpendicular refers to tensile coupons with the coil rolling direction perpendicular with 
the tension in the coupon. Grain parallel refers to tensile specimens with the coil rolling direction parallel 
with the tension in the coupons. 
Referencing Table 1, the difference in the properties between grain perpendicular and grain 
parallel are not very noticeable for normal ductility steel. For the low ductility steel, the elongations are 
fairly consistent between the parallel and perpendicular grain, but the Fu and Fy values for the parallel 
grain material are conSistently lower than the corresponding values for perpendicular grain. 
Tested Screws 
All screws used for this study were hex head, 0/." long, TEKTM screws manufactured by 
ITW/Buildex. Screw sizes used were #10-16, #12-14 and 1/4"-14. Type T1 and T3 drill points were used 
for#10-16 and #12-14 screws. Type T3drill points were used for the 114"-14 screws. 
Test Setup and Procedure 
Connection test specimens were inserted into the top and bottom grips of a 60 kip Tinius Olsen 
Universal test machine and aligned vertically with a magnetiC bubble level before the grips were 
tightened. The machine was then adjusted for zero load and then the load mechanism activated at a 
rate of 0.05 in.lmin. Load was applied at a constant rate until failure. No attempt was made to define 
failure based on a given amount of deflection or screw tilt. Instead, failure was simply defined by the 
inability of the connection to accept further loading. For the majority of the specimens tested, the test 
was conducted until the screw tore completely through the hole, or the steel sheets became dislodged 
due to excessive screw tilting. 
For each material type in each thickness, three specimens were tested. One specimen out of 
each group of three was tested using a deflectometer to measure machine head deflection versus load. 
Load versus deflection measurements were required to show the amount of elongation occurring before 
and after the ultimate connection shear capacity took place. In other words, the loadldeflection graphs 
give an indication of how much energy each connection can absorb, and how 'sudden' connection failure 
takes place. 
In accordance with Section F of the AISI specification, and to maintain consistency for each data 
set, the average of each of the three tested specimens for each material type and each gage was 
calculated and the individual results were checked for a ± 10 percent deviation from the mean. If a 
deviation of greater than ± 10 percent was found, three more separate tests were conducted. The 
average of the three lowest tested values was used for evaluation purposes. 
Grain Perpendicular Versus Grain Parallel 
Some studies suggest that when low ductility steel is subjected to stress concentrations 
transverse to the grain of cold reduction, a reduction in capacity can be expected compared to the 
longitudinal direction (4). For this reason, configurations A and B in Figure 1 were tested applying load 
both perpendicular and parallel to the grain of cold reduction. A comparison of the test results for each 
grain direction indicated that connection capacity apparently was not effected by grain direction for either 
normal or low ductility steel (3). Therefore, it appears that the method of cold reduction, as well as 
thickness reductions on the order of 10% to 40%, did not create significant material property differences 
for each grain direction. Subsequently, connection capacity was not adversely effected. 
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T3 Drill Points Versus T1 Drill Point 
Self drilling screws are manufactured with various drill tip diameters. Larger drill tips permit 
screws to drill through thicker material, but slightly decrease the screws shear capacity compared to 
smaller drill tips. In order to evaluate screw performance versus drill tip type, configurations A and B in 
Figure 1 were tested using T1 and T3 tips for #1 0-16 and #12-14 screws. Compared to T1 drill tips, T3 
tips were found to produce shear capacity reductions of 8% for #1 0-16 screws and 19% for #12-14 
screws (3). 
Single Shear Screw Behavior 
Screw connections in single shear failed in one of two ways. The first failure mode typical for 
20-gage and 18-gage material was a combination of screw tiliting and bearing failure in the steel sheet 
as depicted in Figure 2. The second failure mode typical for 14 and 12 gage material was exemplified 
by screw shearing as is illustrated in Figure 3. Many 16-gage specimens experienced screw shearing, 
but only after the connection had already effectively failed due to tilting/bearing. 
Figure 4 depicts typical load versus machine head deflection for tilting/bearing failure using 18-
gage material and single #12-14, T3 screws. As was typical with all single shear specimens, Figure 4 
shows that the higher strength, low ductility material generally exhibited a higher shear capacity than the 
normal ductility specimen of the same gage. Also note that before final failure, the same amount of 
deflection was generally experienced by the low ductility and normal ductility specimens. In general, all 
low and normal ductility single shear specimens failed in a very slow, ductile manner. 
Referencing Figure 5, load versus machine head deflection curves for screw shearing failure for 
14-gage material and #12-14, T3 screws are illustrated. Since the screw strength rather than the steel 
sheet strength governed, both low and normal ductility specimens generally experienced about the same 
shear capacity and deflection before failure. All connections failing due to screw shearing did so in an 
abrupt, non-ductile fashion. In all cases, screw failure occurred very close to the manufacturers 
published shear capacity of the screw (3). 
Double screws in single shear generally behaved in much the same manner as single screws in 
single shear. Figure 6 depicts double screw connections which failed due to tilting/bearing failure. The 
most interesting observation acquired from the double screw connections was that using two screws will 
not necessarily yield twice the shear capacity of a single screw. It appears that connection deformation 
may produce secondary stresses on connections where multiple fasteners are used. Subsequently, the 
connection performance is reduced. The connection deformations associated with low ductility, double 
screw connections were observed to be somewhat less than those for the normal ductility connections. 
This may be the reason that low ductility specimens achieved 99% of expected capacity while the normal 
ductility specimens only experienced 90% of expected capacity. It was somewhat ironic to observe that 
the low ductility steel, which possessed lower Fu/Fy ratios and therefore less stress redistribution capacity, 
performed better than the normal ductility steel. 
Double Shear Screw Behavior 
The behavior of normal and low ductility specimens were similar but not exactly the same. Both 
normal and low ductility specimens failed due to the screw tearing completely through the steel sheet 
(Figure 7). The normal ductility steel was observed to maintain an elongated hole without tearing until 
about 2.5 to 3 times the original hole diameter. In contrast, the low ductility began tearing at about 1.5 to 
2 times the original hole diameter. Once ultimate load was reached, the low ductility specimens 
generally failed at a faster rate than did the normal ductility specimens. This behavior is better illustrated 
in Figure 8. While the low ductility steel generally experienced moderate deformation before and after 
reaching ultimate load, the normal ductility specimen exhibited a small degree of deformation prior to 
ultimate load, and a larger degree of deformation after ultimate load. 
Evaluations for Screws in Double Shear 
Table 2 summarizes the results of the double shear tests. The value, Pd, which is listed in the 
table is the average ultimate capacity of the three tests conducted on each gage in each ductility. In 
order to normalize the data, the dimensionless quantity, tid and Pd/(Fu*d2), are also listed in Table 2 and 
subsequently plotted in Figure 9. Using linear regression and forcing the subsequent line to have a zero 
intercept, Equation 1 was derived and shown on Figure 9. Defining Pd,comp as the computed ultimate 
shear capacity for double shear connections, Equation 1 is as follows: 
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Pd,comp =3,1563 Fudt Equation 1 
Now defining Fb as the nominal bearing stress, Equation 2 results: 
Equation 2 
Where: 
Fb = 3,1563 Fu 
Comparing the test results and the above derived equation to the AISI screw provisions would 
show that AISI is conservative in predicting the ultimate shear capacity of screws in double shear, 
Because of this conservatism, it is perhaps more useful to compare the test results with AISI Section 
E3,3 for bolts in bearing, Equation 2 and the derived Fb value compares favorably with AISI bearing 
Equation E3.3-2 and the appropriate nominal bearing stresses as given in AISI Table E3.3-1. Table 
E3.3-1 specifies the use of Fp which is the AISI nominal bearing stress. This table specifies that for 
Fu/Fy 2 1.15, Fp = 3.33 and for Fu/Fy:<> 1.15, Fp = 3*Fu. As might be expected, since the tested steels 
possess FulFy values above and below the 1.15 limit, the derived Fb value is very nearly equal to the 
average of the AISI Fp values. In order to further explore the relationship between Fu/Fy and the 
ultimate shear capacity of double shear screw connections, the quantities Rd = Pd/Pd,comp and Fu/Fy are 
computed in Table 2 and plotted in Figure 10. Based on linear regression, Equation 3 (Figure 10) was 
developed as follows: 
PiPd,comp = 0.5866 FulFy + 0,2915 Equation 3 
Combining Equation 2 and Equation 3 produces the following strength equation: 
Pd = Fbdt (0.5866 FulFy + 0.2915) Equation 4 
Where: Fb = 3.1563 Fu 
Equation 4 is applicable to self drilling screws used in double shear with Fu/Fy values greater 
than 1.01 and less than 1.61. Notice that Equation 3, has a minimum value of 0,884 when FulFy is at a 
minimum of 1.01, This indicates that the AISI provision of 0.75 Fu listed in Section A of the AISI 
specification is somewhat conservative for steels with FulFy ratios less than 1.08, 
Comparison with AISI for Single Shear Tilting/Bearing Failure 
The following AISI equations are used to calculate screw ultimate shear capacity due to 
tilting/bearing failure for single shear connections, Pns: 
Pns :<> 4.2 ("t3d) Fu 
Pns :<> 2.7 td Fu 
Pns :<> Plimit 
Where: Plimit = Pss/1.25 
(AISI Equation E4.3.3) 
(AISI Equation E4.3.4) 
The Plimit provision as stated above is the implied AISI maximum ultimate allowable shear to 
guard against brittle screw shearing failure. Although not explicitly defined by a symbol or equation, the 
reference to Plimit can be found in the last paragraph of AISI Section E4.3. Pss values for the Buildex 
screws used in this study are equal to the published ultimate shear capacity of the screws as follows: 
Pss (#10-16) = 1400 lb. 
Pss (#12-14) = 2000 lb. 
Pss (1/4"-14) = 2600 lb. 
Tables 3 and 4 summarize the results for T1 and T3 screws respectively. RA1S1 = P/Pns is a ratio 
to compare the average ultimate tested shear capacity to the calculated AISI ultimate shear capacity, 
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RA1s1,ave is the average of the R A1S1 values for each screw size in each ductility type. In the evaluation of 
Pns, Fu was taken as the tested value (Table 1). In general, the RAISI,ave values for T1 screws are slightly 
higher than for T3 screws. The higher RA1Sl.ave values indicate that AISI is slightly more conservative for 
T1 screws than it is for T3 screws. The conservatism for T1 screws is understandable since AISI does 
not distinguish between T1 and T3 screws. 
Individual values of R A1S1 are as low as 0.82 and as high as 1.54. The most noticeable trends 
that seem to be present are that AISI is sometimes non-conservative for screw tilting/bearing failure in 20 
and 18 gage and generally conservative for screw shearing in 16 and 14 gage. Most of the non-
conservative R A1S1 values are for the low ductility specimens with T3 screws. Conservative RAISI values 
can, in most instances, be attributed to the AISI requirements of Plimit. 
To account for the possible non-conservative calculated AISI shear capacities for low ductility 
steel, an adjustment on the design Fu can be made. Since the lowest R,AISI value is 0.82, this study 
suggests that the 0.82*Fu can be used for steels with Fu/Fy ratios as low as 1.01 and elongations as low 
as 3% for a 2 in. gage length and as low as 13% for a Yz in. gage length. This is somewhat less 
conservative than the 0.75*Fu provision which is stated in Section A of the AISI Specification. 
The AISI Plimit provision appears to be overly conservative in instances where tilting/bearing 
failure govems. Although an added factor of safety is warranted for the brittle failures associated with 
screw shearing, it may be overly conservative to apply the additional safety factor to screws failing in the 
very ductile tilting/bearing limit state. This argument is best explained by examining the 16 gage 
specimens. More so than the other tested specimens, 16 gage normal and low ductility specimens 
appeared to possess the required material properties which produced a nearly equal chance of either 
tilting/bearing failure or screw shearing failure. In all instances, the 16 gage specimens failed in a very 
ductile manner. Only after an excessive amount of screw tilt had already taken place, did some screws 
eventually shear. Therefore it appears that the path of least resistance, in those instances where the 
connection has an equal chance of failing either by tilting/bearing or screw shear, is the ductile 
tilting/bearing limit state. This may be due in part to the resulting increased shear plane on the screw 
once the screw tilts even the smallest amount. To remedy the conservatism associated with Plimit as it is 
presently implied in AISI, it is suggested that Plimit should only be applied when Pns ;:: Pss• 
Evaluation of Single Screws in Single Shear Due to Screw Tilting 
The shear capacity for tilling/bearing failure, Pcomp, of hex head self drilling screws is mainly a 
function of the screw diameter (d), the thickness of the steel (t), the tensile strength of the steel (Fu), the 
tensile to yield ratio of the steel (Fu/Fy), and the size of the screw tip (T1, T2, T3, etc.). The following 
development will be based on T3 screws with the intent that the subsequent equations can also be 
conservatively applied to T1 screws. This is possible since the use of T1 screws will produce 
connections with higher shear capacity than T3 screws. 
The preferred method of comparing the different steels used in this study is to use the 
dimensionless quantities, P/(Fu *d\ and tid. The dimensionless quantities are computed in Table 5 and 
plotted in Figure 11. Using linear regreSSion, Equation 5 was derived and is shown on Figure 15. 
Defining Pcomp as the computed ultimate shear capacity, Equation 5 is as follows: 
P comp = Fu *d2 (2.4607 tid - 0.1232) Equation 5 
Based on the ratio Rs = P/Pcomp (Table 5) it is observed that generally the normal ductility 
specimens have Rs values higher than 1.0 while low ductility specimens have Rs values less than 1.0. 
This is an indication that a correction should be applied to Equation 5 to account for the yield to tensile 
ratio, FulFy. of the steel. To account for FulFy, P/Pcomp is plotted against FulFy in Figure 12. Using non-
linear regression to fit the best possible second degree polynomial curve, Equation 6 was derived and is 
shown on Figure 12. 
P/Pcomp = -1.878 (FulFy)2 + 5.2083 FulFy - 2.4703 Equation 6 
Examining Equation 6 further, it is evident that the maximum value of P/Pcomp takes place when 
FulFy is equal to 1.39. This suggests that the optimal steel for single shear screw connections is one with 
a FulFy ratio of 1.39. Furthermore, if we substitute PIP comp = 1.0 and solve for FulFy , the result is that 
Fu/Fy is equal to 1.11 or 1.66. In other words, Equation 6 suggests that for steels with Fu/Fy values lower 
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than 1.11 and higher than 1.66, a reduction in ultimate shear capacity can be expected. Reductions in 
ultimate shear capacity for low values of Fu/Fy can be explained by the fact that such steels have a 
lower ability to redistribute stress. The shear capacity reduction that seems to be associated with F,jFy 
values above 1.66 may be explained as follows. For steels with large Fu/Fy values, an excessive 
amount of elongation can be expected to take place for shear connections between the time when the 
connection reaches a stress level of Fy, and the time it reaches Fu. Subsequently, along with the 
excessive amount of elongation that takes place between yield and ultimate, an excessive degree of 
screw tilt can be expected. Excessive screw tilt will most likely lead to a weaker connection. 
Combining Equations 5 and 6 and solving for P, Equation 7 results: 
Equation 7 
Where: 
Cf = [-1.878 (FulFy)2 + 5.2083 (Fu/Fy) - 2.4703] 
In effect what has been accomplished is the derivation of a reduction factor, CF, which takes into 
account the Fu/Fy ratio. Note that CF is valid for FulFy ratios between 1.01 and 1.61. The lowest 
possible value of CF is 0.874 which occurs at an Fu/Fy ratio of 1.01. This shows that the 0.75*Fu 
provision of AISI Section A for low ductility steels with FulFy ratios lower than 1.08 is conservative for 
screw connections in single shear. It is suggested that CF should be applied to Equation 7 as follows: 
When 1.08 < Fu/Fy:S; 1.61 
When FulFy:S; 1.08 CF = -1.878 (FulFy) + 5.2083 (Fu/Fy) - 2.4703 
Notice that between the values of FulFy equal to 1.08 and 1.11, a low CF value of 0.965 can be 
expected. This degree of un conservatism seems reasonable in order to maintain consistency with the 
FulFy limit of 1.08 already established in Section A of the current AISI Specification. This is especially 
true when one takes into account the ductile failure mode associated with even the most low ductility 
steel, and the fact that a factor of safety will be applied. 
Conclusions 
Screws subjected to single shear generally failed in one of two ways. The thinner gages such as 
16 gage (0.052 in.) and lighter typically failed by tilting of the fastener in combination with bearing failure 
of the screw hole. The heavier gages such as those greater than or equal to 14 gage (0.067 in.), 
generally failed by screw shearing. All low and normal ductility specimens failing by screw tilting/bearing 
did so in a very slow, ductile manner. For both low and normal ductility specimens, failures occurring 
due to screw shearing were somewhat sudden and non-ductile. For the tilting/bearing failure mode, there 
was evidence that this limit state was influenced by the yield to tensile ratio FulFy of the steel. The Fu/Fy 
ratio did not appear to effect the screw shearing limit state. 
For the steel used in this study, screws resisting shear either perpendicular or parallel to the 
grain of cold reduction exhibited about the same shear capacity. Therefore it appears that for all 
practical purposes, screws resisting shear in either grain direction can be designed in the exact same 
manner provided that the steel possesses the properties within the limits of the steel used for this study. 
In addition, since the yield strength, Fy, the tensile strength, Fu, and the yield to tensile ratio, Fu/Fy, are all 
generally the same or slightly less for grain parallel steel than they are for grain perpendicular, it would 
be conservative to use the grain parallel material properties for designing grain perpendicular 
connections. 
As expected, T1 screws provided more shear capacity than T3 screws. The difference between 
T1 and T3 shear capacities were less pronounced with #10-16 screws than they were with #12-14 screws. 
The important information realized from comparing the performance of T3 screws to T1 screws, is that 
one can develop a tilting/bearing equation for T3 screws and conservatively apply the equation to T1 
screws. 
AISI predicted shear capacities for Single screws in single shear were conservative in every case 
except for low ductility specimens using T3 screws and failing due to tilting/bearing. In order to account 
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for such non-conservative predictions, Equation 7 can be used. Equation 7 appears to be applicable to 
steels with Fu/Fy ratios as low as 1.01, and percent elongations as low as 3% for a 2 in. gage length and 
13% for a % in. gage length. 
Failures for double screws in single shear followed the same basic pattern of failures for single 
screws in single shear. It was somewhat sllrprising however to learn that the use of two screws 
longitudinal to load will not necessarily yield double the shear capacity of using one screw. This seemed 
especially true of the normal ductility steel in this study. Whereas low ductility steel achieved an average 
of 99% of expected capacity, normal ductility steel achieved only 90% of expected capacity. The 
reduced performance of normal ductility versus low ductility perhaps was a result of greater sheet 
separation that took place with normal ducLility specimens. Increased sheet separation may have 
produced more secondary effects in the normal ductility material which led to slightly premature failures. 
It appears that more research should be conducted on multiple fasteners in order to arrive at a possible 
reduction factor associated with such applications. 
For self drilling screws in double shear, both normal and low duclility specimens failed due to the 
screw tearing completely through the steel. For low ductility specimens, it was observed that the onset of 
tearing took place when the hole elongated to about 1.5 to 2 times the original hole diameter. The onset 
of tearing for normal ductility specimens occurred at a hole elongation of about 2.5 to 3 times the original 
hole diameter. For each material type, tearing did not occur until after ultimate load was reached. 
Comparing the double shear test results to the AISI screw provisions does not seem very 
meaningful. The reasons for this conclusion are two-fold. First, AISI does not include nomenclatures 
which seems applicable to double lap connections. And second, AISI never explicitly states that the 
screw equations are applicable to anything other than single lap connections. Therefore, the double 
shear test results were compared to the AISI bearing provisions for bolts. Once the test data was 
analyzed, a tested nominal bearing of 3.1563 Fu was derived. This compared favorably with the nominal 
bearing stresses defined in AISI Table E3.3-1. To more accurately account for steel ductility however, 
Equation 4 can be used. 
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Appendix - Notations 
CF,"""""'" Reduction factor as a function of Fu/Fy for single screws in single shear 
d",.,,"""'" ,Shaft diameter of screw (in,) 
Fb."","""" ,Tested nominal bearing stress according to regression analysis with a zero intercept 
(psi or ksi) 
Fp, """','" ",AISI nominal bearing stress (psi or ksi) 
Fu"","""" "Tensile strength of steel (psi or ksi) 
Fy, ""'" ", '" ,Yield strength of steel(psi or ksi) 
P,""""""" .Tested ultimate shear capacity of single screws in single shear or computed ultimate 
shear capacity after Fu/Fy is taken into account (lb.) 
Pcomp""""'" ,Calculated ultimate shear capacity of single screws in single shear before FulFy is taken 
into account (lb.) 
Pd,"""""'" ,Tested ultimate shear capacity of single screws in double shear or computed ultimate 
shear capacity after FulFy is taken into account (lb.) 
Pd.comp""""" .Calculated ultimate shear capacity of single screws in double shear before Fu/Fy is taken 
into account (lb.) 
Pns.,""""'" ,AISI calculated ultimate shear capacity (lb.) 
Pss.,""""'" ,Manufacturers published ultimate shear strength of screws (lb.) 
RA1SI.","""" .P/Pns 
RA1S1,ave"",,'" Average value of RA1S1 for a given ductility using a given screw type. 
Rs."","""" ,P/Pcomp 
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Typical tilting/bearing failure of a single screw in single shear 
Figure 3 
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Figure 4- Load VS. Deflection For Single #12-14,T3 Screws 
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Figure 5- Load vs. Deflection For Single #12-14, T3 Screws 





Tilting/bearing failure of two screws in single shear 
Figure 7 
Double shear connection failure 
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Figure 11-Evaluation Of Test Results For Tilting/Bearing 
Failure For Screws In Single Shear 
Equation 6 
0.20 0.40 0.60 
• 
* • - ----~.. . 
• • ~. . 
• 
•• 
0.80 1.00 1.20 1.40 1.60 





















































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































Table 3 - Test Results For T1 Tek Screws vs. AISI Tilting/Bearing Provisions 




Type Gage Screw (lb.) Pno (lb.) R A1S1 RA1S1,ave 
... Normal 20 #10-16, T1 I 591 438 1.35 I'll 
"5 
I,) Normal 18 #10-16, T1 797 662 1.20 
'C Normal 16 #10-16, T1 1503 1120 1.34 1.30 
c Low 20 #10-16, T1 976 1017 0.96 Gl 
Co 
... Low 18 #10-16, T1 1489 1120 1.33 Gl 
II.. Low 16 #10-16, T1 1690 1120 1.51 1.27 c 
'i! Normal 20 #12-14, T1 715 465 1.54 
C) Normal 18 #12-14, T1 931 703 1.32 
Normal 16 #12-14, T1 1747 1534 1.14 1.33 
Low 20 #12-14, T1 1063 1080 0.98 
Low 18 #12-14, T1 1656 1600 1.04 
Low 16 #12-14, T1 2091 1600 1.31 1.11 
Normal 20 #10-16, T1 617 439 1.41 
Normal 18 #10-16, T1 776 644 1.20 
Normal 16 #10-16, T1 1567 1120 1.40 1.34 
]! Low 20 #10-16, T1 1120 1120 1.00 
iii Low 18 #10-16, T1 1415 1120 1.26 
... Low 16 #10-16, T1 1500 1120 1.34 1.20 I'll 
II.. 
Normal 20 #12-14, T1 691 466 1.48 c 
'iii Normal 18 #12-14, T1 1014 684 1.48 ... 
C) Normal 16 #12-14, T1 1850 1600 1.16 1.37 
Low 20 #12-14, T1 1294 1203 1.08 
Low 18 #12-14, T1 1574 1540 1.02 
Low 16 #12-14, T1 1930 1600 1.21 1.10 
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Table 4 - Test Results For T3 Tek Screws vs. AISI Tilting/Bearing Provisions 
For Single Screws In Single Shear 
I AISI Comparison 
Material P 
Type Gage Screw (lb.) Pn> (lb.) RA1s1 RA1s1,ave 
Normal 20 #10-16, T3 526 438 1.20 
Normal 18 #10-16, T3 703 662 1.06 
Normal 16 #10-16, T3 1379 1120 1.23 1.16 
Low 20 #10-16, T3 834 1017 0.82 
.. Low 18 #10-16, T3 1410 1120 1.26 
"' :; Low 16 #10-16, T3 1683 1120 1.50 1.19 0 
'5 Normal 20 #12-14, T3 505 465 1.09 c 
G) Normal 18 #12-14, T3 735 703 1.05 a. 
.. 
G) Normal 16 #12-14, T3 1499 1534 0.98 1.04 D.. 
c Low 20 #12-14, T3 885 1080 0.82 0i! Low 18 #12-14, T3 1307 1600 0.82 C) 
Low 16 #12-14, T3 1738 1600 1.09 0.91 
Normal 20 1/4"-14, T3 639 498 1.28 
Normal 18 1/4"-14, T3 720 753 0.96 
Normal 16 1/4"-14, T3 1549 1642 0.94 
Normal 14 1/4"-14, T3 2313 2080 1.11 1.07 
Low 20 1/4"-14, T3 1059 1157 0.92 
Low 18 1/4"-14, T3 1563 1802 0.87 
Low 16 1/4"-14, T3 2049 2080 0.99 0.92 
Normal 20 #10-16, T3 543 439 1.24 
Normal 18 #10-16, T3 683 644 1.06 
Normal 16 #10-16, T3 1437 1120 1.28 1.19 
Low 20 #10-16, T3 1051 1120 0.94 
Low 18 #10-16, T3 1246 ·1120 1.11 
Low 16 #10-16, T3 1600 1120 1.43 1.16 
Normal 20 #12-14, T3 501 466 1.08 
~ Normal 18 #12-14, T3 748 684 1.09 
E Normal 16 #12-14, T3 1515 1600 0.95 1.04 
"' D.. Low 20 #12-14, T3 1056 1203 0.88 
c Low 18 #12-14, T3 1385 1540 0.90 0i! 
C) Low 16 #12-14, T3 1742 1600 1.09 0.96 
Normal 20 1/4"-14, T3 593 499 1.19 
Normal 18 1/4"-14, T3 741 732 1.01 
Normal 16 1/4"-14, T3 1665 1728 0.96 
Normal 14 1/4"-14, T3 2398 2080 1.15 1.08 
Low 20 1/4"-14, T3 1246 1288 0.97 
Low 18 1/4"-14, T3 1487 1649 0.90 
Low 16 1/4"-14, T3 2019 1889 1.07 0.98 
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Table 5 - Evaluation Of Test Results For Single T3 Tek Screws !n Single Shear For 
ScrewTilting/Bearing Failure 
Screw I Fy Fu 'p I 
I 
Type d(in.) Gage Ductility t (in.) (psi) (psi) Fu/Fy (Ibs) Vd P/(Fu*dA2) 
#10-16, T3 0.188 20 Normal 0.029 35800 48700 1.36 526 0.154 0.306 
18 Normal 0.041 28400 43800 1.54 703 0.218 0.454 
16 Normal 0.053 57000 65000 1.14 1379 0.282 0.600 
20 Low 0.032 93000 97600 1.05 834 0.170 0.242 
... 18 Low 0.043 90300 97600 1.08 1410 0.229 0.409 
CIS 16 Low 0.051 87700 91400 1.04 1683 0.271 0.521 ~ 
u #12-14, T3 0.212 20 Normal 0.029 35800 48700 1.36 505 0.137 0.231 
'6 
c 18 Normal 0.041 28400 43800 1.54 735 0.193 0.373 .. 
Eo 16 Normal 0.053 57000 65000 1.14 1499 0.250 0.513 
.. 
c.. 20 Low 0.032 93000 97600 1.05 885 0.151 0.202 
c 18 Low 0.043 90300 97600 1.08 1307 0.203 0.298 
'f! 16 Low 0.051 87700 91400 1.04 1738 0.241 0.423 (!) 
1/4-14, T3 0.243 20 Normal 0.029 35800 48700 1.36 639 0.119 0.222 
18 Normal 0.041 28400 43800 1.54 720 0.169 0.278 
16 Normal 0.053 57000 65000 1.14 1549 0.218 0.404 
14 Normal 0.072 58400 66400 1.14 2313 0.296 0.590 
20 Low 0.032 93000 97600 1.05 1059 0.132 0.184 
18 Low 0.043 90300 97600 1.08 1563 0.177 0.271 
16 Low 0.051 87700 91400 1.04 2049 0.210 0.380 
#10-16, T3 0.188 20 Normal 0.029 37600 48800 1.30 543 0.154 0.315 
18 Normal 0.04 27400 44200 1.61 683 0.213 0.437 
16 Normal 0.054 55700 66500 1.19 1437 0.287 0.611 
I 
20 Low 0.037 86000 87400 1.02 1051 0.197 0.340 
18 Low 0.043 88400 89300 1.01 1246 0.229 0.395 
16 Low 0.05 75100 81600 1.09 1600 0.266 0.555 
#12-14, T31 0.212 20 Normal 0.029 37600 48800 1.30 501 0.137 0.228 ]! 18 Normal 0.04 27400 44200 1.61 748 0.189 0.377 
E 16 Normal 0.054 55700 66500 1.19 1515 0.255 0.507 
CIS 
20 Low 0.037 1.02 c.. I 86000 87400 1056 0.175 0.269 
c 18 Low 0.043 88400 89300 1.01 1385 0.203 0.345 
'i! 
(!) 16 Low 0.05 75100 81600 1.09 1742 0.236 0.475 
1/4-14, T3 0.243 20 Normal 0.029 37600 48800 1.30 593 0.119 0.206 
18 Normal 0.04 27400 44200 1.61 741 0.165 0.284 
16 Normal 0.054 55700 66500 1.19 1665 0.222 0.424 
14 Normal 0.072 53200 62600 1.18 2398 0.296 0.649 
20 Low 0.037 86000 87400 1.02 1246 0.152 0.241 
18 Low 0.043 88400 89300 1.01 1487 0.177 0.282 
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